Colombia is experiencing an epidemiologic transition, with an increasing incidence of cancerous neoplasms prevalent in high-income countries, while infection-associated tumors remain highly prevalent. According to international standards, Colombia has a deficit of radiotherapy machines (a shortage of about 47 machines) and radiation oncology specialists (a shortage of about 19 to 149 specialists based on number of centers and incident cases, respectively) to meet the national demand, which may induce an inappropriate dynamic in radiation oncology services. Estimates based on cancer incidence trends and the rate of new specialists in radiation oncology expected to graduate per year suggest that the current deficit will remain unchanged or may even increase during the next decades. The situation is critical because of the existence of a single training program in the country for a population of 45 million inhabitants and the low availability of educational programs offered in the Latin American region to cover the national demand. A comprehensive analysis of radiotherapy services should include data on medical physicists, radiotherapists, and the oncology nursing workforce; however, we found no reliable information available. A better balance between the educational programs offered and the demand for radiotherapy is highly valuable.
INTRODUCTION
Cancer is the second highest cause of death in Colombia, after cardiovascular disease. 1 Accordingly, cancer incidence rates have decreased from 213.7 and 212.9 per 100,000 from 1995 to 1999, respectively, and to 151.5 and 145.6 per 100,000 from 2007 to 2011 for men and women, respectively. 2 Similarly, mortality rates have decreased from 96.7 and 83.7 per 100,000 in 1995 to 84.8 and 68.3 in 2013 for men and women, respectively. 3 Despite the declining incidence, the aging population will result in an increase in the absolute number of new cases, from 101,893 in 2018 (not including nonmelanoma skin cancer) to about 136,000 new cases per year in 2040 (average annual percentage change, 1.5). 4 There are several analyses of radiotherapy supply and demand in the international arena, usually divided according to developed and developing countries. The most common approaches to assessing the needs of the radiation oncology workforce include estimations by number of inhabitants, new cases of cancer and radiation oncology services or radiotherapy equipment.
The estimation per inhabitant was the most common approach for several years. Accordingly, some analyses revealed a huge gap in radiotherapy supply between high-income countries and low-and middleincome countries (LMICs), with 1 radiotherapy machine per 120,000 inhabitants for the former and one radiotherapy machine per five million inhabitants for the latter. 5 However, assessing needs per inhabitant does not take into account epidemiology profiles, a variable that may have a significant impact on the final estimates. Cancer incidence is lower in LMICs, and the most frequent types of cancer in these scenarios are those associated with infection (such as cervix and stomach cancers), which may have different radiotherapy needs than the most frequent types of cancer observed in high-income countries. Indeed, cancer incidence and mortality reduction in Colombia is mainly due to risk factor control, which generates an epidemiologic transition, with a decreasing incidence of infection and tobacco-associated cancers, but an increase in tumors such as prostate, breast, colon, and pediatric cancers. 6 A review of global access to radiation oncology services based on cancer incidence found variable capacity to treat the disease, ranging from 32% of patients in Mongolia to 59% of patients in Comoro Islands, 7 with a relative deficit of megavoltage equipment from 781 machines in low-income countries to 2,567 machines in high-and middle-income countries. Therefore, from Author affiliations and support information (if applicable) appear at the end of this article.
Accepted on November 26, 2019 and published at ascopubs.org/journal/ go on February 5, 2020: DOI https://doi. org/10.1200/JGO. 19. 00195 this perspective, the International Atomic Energy Agency (IAEA) estimates that Latin America has a deficit of about 350 megavoltage machines in the higher-income countries, whereas countries with the lowest income in the region would have an appropriate equipment supply, 5 thus indicating an overall 88% coverage of radiotherapy equipment needs. 8 Additionally, despite no estimates on radiation oncology workforce having been provided, we may assume a deficit of similar, or even greater, magnitude, considering that equipment and workforce do not have a linear relationship, particularly with the development of new technologies. In this article, we review the situation of the radiation oncology workforce in Colombia based on the available information from accredited sources using international standards for the analysis.
SUPPLY AND DEMAND OF RADIATION ONCOLOGY
Currently, there are 101 radiation oncologists affiliated with the Colombian Association of Radiation Oncology (ACRO) who report being based in Colombia. 9 The National Registry of Health Service Providers (REPS) reported 53 radiation oncology services in the country for the year 2017, the IAEA Directory of Radiotherapy Centres (DIRAC) reports 67 megavoltage machines, 10 and the Colombian Geological Service reports 28 authorized facilities to provide brachytherapy. 9, 11 In 2005, a study on supply and demand of oncology services by the Colombian National Cancer Institute (INC) reported 14 megavoltage, 26 cobalt, 13 x-ray, and 25 brachytherapy machines to deliver radiotherapy in Colombia. 12 The data suggest a significant change in radiation oncology supply, with almost a total replacement of cobalt and x-ray machines by linear accelerators and a reduction in brachytherapy supply. Although the absolute number of machines does not suggest an increase in the installed capacity, technology renewal with megavoltage machines (from 14 in 2005 to 67 in 2019) led to a significant increase in radiation oncology supply in the country. Because technology renewal has already taken place, an increase in the total number of megavoltage machines is expected in the near future, with the consequent need for specialists in radiation oncology.
Furthermore, the epidemiologic transition in the country shows a growing demand for infrastructure and workforce for cancer care, with a relevant role for radiation oncology. According to the IAEA, considering the epidemiologic profile of LMICs, an optimal radiotherapy treatment rate with megavoltage machines corresponds to 55% of new cases of cancer, with a 10% retreatment rate. 5 A megavoltage machine should provide 600 courses of treatment per year; thus, according to this standard, with the incidence for 2018, Colombia would require 110 megavoltage machines, and considering the epidemiologic transition toward an incidence equivalent to a high-income country, about 125 machines would be required by 2040 (Table 1 ).
In turn, the radiation oncology workforce should respond at a rate of not less than one specialist for every 250 new cases of cancer. 13 Based on estimates for 2018, about 66,000 cases of cancer would require radiotherapy annually, with a requirement of about 265 specialists in radiation oncology, thereby indicating a deficit of about 149 radiation oncologists at present (Table 1 ). In addition, for 2040, the demand would amount to 300 radiation oncologists. The reported standard is an average from 12 countries reporting guidelines on staffing of radiation oncology services, with a range of 200 to 350 new cases per specialist 14 ; hence, a higher rate could be assumed for Colombia, considering that in most reporting countries, radiation oncologists also prescribe chemotherapy. 15 If we use the maximum rate, the requirement would be 189 specialists, and the current deficit would be 88.
The assessment of workforce needs based on radiotherapy equipment does not have a clear standard. Although supply guidelines are variable among European countries, they agree to have no less than one radiation oncologist per machine, plus one additional per radiation oncology service and another additional radiation oncologist if different complex radiotherapy modalities are provided. 15 Therefore, based on this standard and the number of megavoltage
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machines and radiation oncology services with radiotherapy equipment (without considering brachytherapy), Colombia would need at least 118 specialists in radiation oncology. However, this figure underestimates the demand because most radiation oncology centers in the country perform different complex radiotherapy modalities.
Moreover, according to the REPS, in 2016, 51 health centers had radiotherapy equipment (enabled as therapeutic support), and 46 health centers had outpatient consultation in radiation oncology; these data may indicate that some radiation oncology services do not have a permanent presence of specialists in radiation oncology. 16 Additionally, 11 of 35 districts lack radiation oncology services, and despite the general distribution being concordant with the number of new patients, the rate of radiation oncology services by number of cases varies from one service per 274 cases in Atlantico to one per 1,119 cases in Tolima. 17 For some European countries, the ideal standard is having at least 2.5 specialists per machine. 15 Thus, using this standard, Colombia would need 168 specialists in radiation oncology to properly cover the existing number of megavoltage machines (without brachytherapy) and 275 specialists considering the deficit of radiotherapy equipment previously described, which is a number close to workforce needs estimates based on cancer incidence in the country.
Regarding the job market, data from the National Observatory of Employment for Education are inconsistent with significant annual variations in both income levels and number of radiation oncology specialists affiliated with the social security system 18 ; additionally, the information does not agree with data by ACRO or INC. However, based on the cancer incidence and availability of radiation oncology services, we may assume a significant work overload (high number of patients per specialist), which results in lower quality because of reduced time of the specialist in activities such as review of treatment plans, monitoring of the beginning of treatment, review of the positioning images, and clinical follow-up. The Colombian Geologic Service and the Ministry of Health define regulations for quality and safety of radiotherapy services, the former on management of radiation sources and the latter on the use of radiotherapy equipment and service organization. 19, 20 Furthermore, the Ministry of Health demands compliance with the IAEA TecDoc 1151 21 ; however, in all cases, verification of regulatory compliance is restricted to new services and a routine examination every 4 to 5 years. In addition, the verification is in charge of local health authorities, most of them without proper training or skills on the topic.
Unfortunately, data on compliance with quality standards are not available in the country, and given the limited data and variability in international standards, it is not possible to reach a definitive conclusion. Yet, it is clear that the dynamics of radiation oncology services in Colombia is not consistent, and the supply does not correspond to international standards; Colombia bears a significant deficit of radiotherapy machines and radiation oncology specialists to meet the national demand and be congruent with the technologic development of the medical specialty. Estimates on the shortage of human resources largely differ according to the international standard concerned. Ideally, the country should consider the demand based on the number of new cases; however, availability of human resources without equipment is not valuable, and accordingly, short-term plans might prioritize the supply to ensure minimum quality by radio-oncology service and megavoltage machine (relative deficit, 19 and 67 radiation oncologists, respectively).
SITUATION OF THE EDUCATIONAL PROGRAMS
In the European Union, significant efforts have been made to harmonize the legislation of country members around practice and training of medical specialties, where scientific societies have played a relevant role. With this aim, the European Society for Radiotherapy and Oncology and the European Union of Medical Specialists agreed on minimum standards for specialized training in the area, including a minimum of 5 years of training, which were subsequently ratified by scientific societies from 28 countries. 22 Despite the efforts and regulations developed, a recent survey revealed great heterogeneity in the structure, duration, and quality of residency programs in radiation oncology among European countries. 23 In the United States, according to the Accreditation Council for Graduate Medical Education, there were 95 accredited programs in radiation oncology in 2019. 24 The standard duration of residency programs in the United States is 4 years, with a prerequisite of a 1-year transition in family medicine, internal medicine, surgery, or pediatrics. Apart from residency programs, the American Association of Residents in Radiation Oncology reports a total of 24 universities for 2018 offering special training or fellowship programs in different areas of radiotherapy, including brachytherapy, radiosurgery, proton therapy, and translational research. 25 In Latin America, training programs in radiation oncology are active in Costa Rica, Uruguay, Argentina, Brazil, Chile, Cuba, Mexico, and Peru. Residency programs in Latin America last from 3 to 4 years, and a master's program in advanced radiotherapy was launched in Chile in 2017 (the only program for special training in radiation oncology found in the region), which was offered as an international program in partnership with the IAEA.
Currently, there is only one residency program for training in radiation oncology in Colombia, which is offered by the INC, with a duration of 4 years. The National Information System of Higher Education reports an additional residency program registered to the Ministry of Education; however, it has not been certified and consequently is not active. The situation is in contrast to the United States, where the rate of training programs in radiation oncology is 1 per 3.3 million inhabitants, whereas in Colombia, it is 1 per 45 million inhabitants.
With a maximum of four graduates per year in the single training program existing in Colombia (there were two graduates per year during the last 2 years according to the National Observatory on Employment), it would require almost 20 years to address the current workforce deficit, without considering retirements during that period. Apparently, the available training programs in the region do not solve the situation because they are producing the workforce needed to cover their own demand for cancer treatment; however, it has been suggested (I. Bobadilla, personal communication, April 2019) that there has been a significant increase in affiliations with ACRO during the last decade by specialists coming from abroad.
In conclusion, the state of the art highlights the need to combine surgery, radiotherapy, and systemic treatment to achieve the best possible outcomes for patients with cancer. In this scenario, the IAEA estimates that, in developing countries, about 55% of new cases of cancer may require radiotherapy treatment, either with curative or palliative intention.
Our analysis is restricted to the radiation oncologist workforce; a more comprehensive approach would require information on medical physicists, radiotherapists, and oncology nurses. We did not find reliable information on other human resources for radiation oncology services. A publication from 2014 reports the deficit of medical physicists and radiotherapists in Colombia according to the IAEA DIRAC 26 ; however, we did not find data on human resources in the cited source. 10 The Colombian Association of Medical Physics, reported 41 medical physicists registered in 2017, 27 suggesting a significant shortage in the country according to IAEA staffing recommendations. 28 Colombia is undergoing an epidemiologic transition, with an increasing cancer incidence for neoplasms prevalent in high-income countries, such as breast and prostate cancers, but with infection-associated tumors remaining highly prevalent. To tackle the double burden of disease, proper workforce development is mandatory, in which specialists in radiation oncology play a relevant role.
The situation is critical because of the lack of training programs, thereby generating an inappropriate dynamic in radiation oncology services, which may induce low access and a low quality of care. As indicated, there is only one residency program in radiation oncology in Colombia, and there are two training programs in medical physics and two training programs for radiotherapists. In an open market, as in the Colombian health system, stricter follow-up on compliance with quality standards would be highly desirable; nonetheless, an increased supply in the radiation oncology workforce would be expected to have a positive impact on both the workforce market and professional practice.
